The pairing symmetry of the hexagonal pnictide superconductor SrPtAs is discussed with taking into account its multiband structure. The topological chiral d-wave state with time-reversal-symmetry breaking has been anticipated from the spontaneous magnetization observed by the muon-spinrelaxation experiment. We point out in this paper that the recent experimental reports on the nuclearspin-lattice relaxation rate T −1 1 and superfluid density n s (T ), which seemingly support the conventional s-wave pairing, are also consistent with the chiral d-wave state. The compatibility of the gap and multiband structures is crucial in this argument. We propose that the measurement of the bulk quasiparticle density of states would be useful for the distinction between two pairing states.
Introduction
The first hexagonal pnictide superconductor SrPtAs [1] (T c = 2.4K) has attracted attention, since the internal spontaneous magnetization is observed by the muon-spin-relaxation (µSR) experiment below T c [2] . As the result, the spontaneous time-reversal symmetry (TRS) breaking in the superconducting state is suggested. The most probable pairing symmetry suggested by the group theoretical consideration [3, 4] and functional renormalization group (FRG) analysis [5] is the topological chiral d-wave (d x 2 −y 2 ± id xy -wave) state with TRS breaking. This state has non-zero Chern number [6] and supports the surface bound states with chiral energy spectrum [5, 7] . Especially in SrPtAs, it is expected that the chiral surface state causes spontaneous spin current and spin polarization [8] , origin of which is the staggered anti-symmetric spin-orbit coupling (SOC) coming from the hexagonal bi-layer structure of the crystal with local lack of inversion symmetry [9] .
On the other hand, there are still some controversies on the chiral d-wave state of SrPtAs. The nuclear spin-lattice relaxation rate T −1 1 measured by the nuclear quadrupole resonance shows the Hebel-Slichter (HS) peak near T c and exponential decay in the low temperature region [13] . It has also been found from the magnetic-penetration-depth measurement that superfluid density n s (T ) exhibits the Arrhenius-type behavior (i.e., approaches to n s (0) exponentially) at low temperature [14] . The conventional s-wave pairing without any nodal excitation is naively expected from these experimental results. Moreover, the other FRG analysis for this superconductor suggestes the f -wave pairing, although it takes into account the contribution from the dominant band [12] .
Using the multiband quasiclassical theory [15] , we address this issue in this paper and show that observed T −1 1 and n s (T ) are consistent with the chiral d-wave pairing as well as the s-wave one. We also show that the experimental observation of the bulk quasiparticle DOS, which can be measured by the scanning tunneling spectroscopy/microscopy (STM/STS), would be crucial for the distinction between s-and chiral d-wave pairing states. 
Normal and pairing states
The normal-state energy spectrum of SrPtAs is [10, 11] 
where β(= 1, 2, 3) indicates the unsplit band, γ = ± is the band splitting parameter, a (β) † klσ and a (β) klσ are the creation and annihilation operators of an electron with the wave vector k and spin σ = ±1 in the l-th layer of the unit cell, ǫ
, and λ k = n sin k · T n with T 1 = (0, a, 0), T 2 = ( √ 3a/2, −a/2, 0), and T 3 = (− √ 3a/2, −a/2, 0) the in-plane nearest-neighbor bond vectors (a and c are in-plane and inter-layer lattice constants). We use the tight-binding parameters suggested by the LDA calculation [10, 11] , and obtain the Fermi surface structure depicted as Fig. 1 .
We adopt the quasiclassical formalism for the multiband superconductor [15] . The Green's functions of the "βγ"-th bands are
where ǫ n = (2n + 1)πk B T is the fermionic Matsubara energy, k βγ F denotes the Fermi wave vector, and ∆ k βγ F denotes the gap function. We simply assume the gap function as [15, 17] 
with δ = 1.05, and φ k βγ F shown in Table I is the long-wavelength expansion (around the center of "βγ" th Fermi surface) of the tight-binding pair wave functions for s-, f -, and chiral d-wave states, 1, 3 n=1 sin k · T n , and 3 n=1 e i2πn/3 cos k · T n , respectively [3, 4] . , which is the long-wavelength expansions (around the center of "βγ" th Fermi surface) for s-, f -, and chiral d-wave pair wave functions in the tight-binding scheme [3, 4] . We obtain the normalization constant from the condition |φ
where · · · F βγ denotes the average on the βγ th Fermi surface. The abbreviations 3 ± (H) th and 3 ± (H ′ ) th mean the disconnected Fermi pockets of 3± th band enclosing H and H ′ points, respectively. Note that all the Fermi surfaces are quasi-2D, except for the 3D 3− th one. Here,k = k/|k|, and δk = k
refer to the deviations from the centers of the long-wavelength expansions, and k 0 = (0, 0, k βγ Fz ),
Let us introduce phenomenologically the quasiparticle damping (the smearing factor of the quasiparticle DOS) η via the analytic continuation to obtain the retarded and advanced Green's functions
Here we have neglected the band dependence of η. Thus, there are two fitting parameters, ∆ 0 /k B T c and η, in the following calculations.
The nuclear-spin-lattice relaxation rate T −1 1
The relaxation rate is given by [15] 
where
and · · · F is the Fermi surface average
with the Fermi velocity v βγ
The results for the three pairing states are shown in Fig. 2 with experimental data [13] . The fitting parameters are chosen as ∆ 0 /k B T c = 1.765 for all states, and η = 0.14k B T c for the s-wave state, η = 0.0025k B T c for the f -wave state, and η = 0.008k B T c for the chiral d-wave state. We clearly see that experimental data can be fitted well by all pairing states showing the HS peak just below T c and exponential decay at low temperature.
It is renown thatM s (ǫ) from the coherence effect appears only for the s-wave pairing and contributes to the HS peak significantly [16] . However, the quasiparticle excitations of quasi-2D bands (1 ± th and 2 ± th) in the chiral d-wave state are fully gapped and also give rise to the large enough HS peak by reduced η inN s (ǫ). Moreover, the bulk quasiparticle DOS of the 3D (3 − th) band is less dominant in this system as seen in Fig. 3 , and then the power-low behavior near zero temperature caused by the nodal excitation is negligible. These facts are crucial for the compatibility of the chiral d-wave pairing with experiment data. On the other hand, the quasiparticle excitation in the f -wave state is fully gapped in two bands (3 ± th) around the Brillouin zone corners, whereas has line nodes in four quasi-2D bands (1 ± th and 2 ± th) around the zone center. The result for the f -wave state can also fit well with observed data [13] with reduced η, thanks to the fully-gapped 3 + th band. We also note additionally that the gap maxima, which determines the peak location, of the point nodal gap function ∆(T )φ k 3− F is larger than that of the other nodeless gap functions due to the normalization 
Superfluid density n s (T)
Superfluid density normalized by its zero-temperature value n s (0) is [15] 
where Y k (T ) is Yosida function
The parameter is taken as ∆ 0 /k B T c = 1.5 for all states [19] . We have also checked that the results are insensitive to the choice of the smearing factor η in this case, and we choose the same values of η used in the calculations of T −1 1 . We clearly see from Fig. 4 that the results of s-and chiral d-wave states fit very well to experimental data, namely, both exhibit the thermal-activation-type behavior at low temperature.n βγ s (T ) in Eq. (8) shows the contribution from each band and the result for the chiral d-wave state is plotted in Fig. 5 . The contribution to n s (T ) from the 3D band with power-law behavior is negligibly small, sincen βγ s (T ) depends strongly on root mean square of the Fermi velocity, and its value for the 3D band is minor (see Table. I in Ref. [11] ). On the other hand, n s (T ) in the f -wave state shows an evident power-law behavior at low temperature and contradicts strongly with the experiment [14] . The power-law behavior is due to the large root mean square of the Fermi velocity of the line nodal 1± th and 2± th bands. Fig. 4 . Temperature dependence of normalized superfluid densityn s (T ). Green dots denote experimental data [14] . Dashed red, blue, and orange lines show the estimations for s-wave, chiral d-wave, and f -wave states. We therefore cannot distinguish between s-and chiral d-wave states from T −1 1 and n s (T ). We then propose that the experimental observation of the bulk quasiparticle DOS would give a decisive distinction. We need to reduce η for the chiral d-wave state to compensate the absence of the contribution fromM s (ǫ). Namely, the reduction of η causes the significant difference ofN s (ǫ) for s-and chiral d-wave states as seen in Fig. 6 . Another possibility for the distinction using quasiparticle interference spectroscopy has also been pointed out [18] .
Summary
We have shown based on the multiband quasiclassical theory [15] that T −1 1 and n s (T ) observed in the superconducting phase of SrPtAs [13, 14] are consistent with the chiral d-wave state as well as the s-wave one. On the other hand, f -wave state is inconsistent with n s (T ). We have found in the fitting of T −1 1 a significant difference of the quasiparticle damping factors for s-and chiral d-wave pairing states due to the absence ofM s (ǫ) in the chiral d-wave state as seen in Eq. (4). This difference causes a remarkable difference between the magnitudes of the peaks in the bulk quasiparticle DOS, therefore, a measurement of which would give a decisive distinction between s-and chiral d-wave states as seen in Fig. 6 . The bulk quasiparticle DOS could be observed by the STM/STS even in the (0001) surface without the chiral surface mode. It should be emphasized that the chiral d-wave state is the only state which is compatible with all the experiments that have been done so far [2, 13, 14] . 
